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forming an active layer having a channcl region, a
source electrode contact region, and a drain
clectrode contact region, on a base substrate

Y

forming a first photoresist layer on a sidc of the active layer distal to the basce
substrale, the [irst photoresist layer being in a region outside that correspondin
to the channcl region

4

A\
(orming an insulating material layer on a side of the [irst photoresist layer
distal to the base substrate

Y
forming a first conductive metal material layer on a
side of the insulating material layer distal 1o the first

hotoresist layer

Y
removing the first photoresist laycr, the insulating material layer, the first
conductive metal material layer, in the region outside that corresponding to
the channel region by a lift-off mcthod, a portion of the insulating material
layer in a region corresponding to the channel region remains thercby forming
a [irst gate insulating layer, a portion of the first conductive metal material
layer in the region corresponding to the channel region remains thereby
lorming a gate clocirode

FIG.1

(57) Abstract: A thin film transistor and a fabricating method
thereot are provided. The method includes: forming an active layer
(1) having a channel region (R3), a source electrode contact region
(R1), and a drain electrode contact region (R2), on a base substrate
(10); forming a first photoresist layer (20) on a side of the active
layer (1) distal to the base substrate (10), the first photoresist layer
(20) is formed in a region outside that corresponding to the chan-
nel region (R3); forming an insulating material layer (102) on a
side of the first photoresist layer (20) distal to the base substrate
(10); forming a tirst conductive metal material layer (202) on a
side of the insulating material layer (102) distal to the first pho-
toresist layer (20), and removing the first photoresist layer (20),
the insulating material layer (102), the tirst conductive metal ma-
terial layer (202), in the region outside that corresponding to the
channel region (R3) by a lift-otf method.



WO 2018/099066 PCT/CN2017/091081

METHOD OF FABRICATING THIN FILM TRANSISTOR, THIN FILM
TRANSISTOR, AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201611082799.9,

filed November 30, 2016, the contents of which are incorporated by reference in the entirety.
TECHNICAL FIELD

[0002] The present invention relates to display technology, more particularly, to a method

of fabricating a thin film transistor, a thin film transistor, and a display apparatus.
BACKGROUND

[0003] Display devices such as liquid crystal display (LCD) and organic light-emitting
diode (OLED) have been widely used. LCD and OLED display devices use thin film
transistor (TFT) to control pixels in the display panel. Examples of TFT include amorphous
silicon TFT, polycrystalline silicon TFT, single crystal silicon TFT, and metal oxide TFT. A

thin film transistor may be classified into a top gate type or a bottom gate type.
SUMMARY

[0004] In one aspect, the present invention provides a method of fabricating a thin film
transistor, comprising forming an active layer having a channel region, a source electrode
contact region, and a drain electrode contact region, on a base substrate; forming a first
photoresist layer on a side of the active layer distal to the base substrate, the first photoresist
layer is formed in a region outside that corresponding to the channel region; forming an
insulating material layer on a side of the first photoresist layer distal to the base substrate;
forming a first conductive metal material layer on a side of the insulating material layer distal
to the first photoresist layer; and removing the first photoresist layer, the insulating material
layer, the first conductive metal material layer, in the region outside that corresponding to the
channel region by a lift-off method, a portion of the insulating material layer in a region
corresponding to the channel region remains thereby forming a first gate insulating layer, a
portion of the first conductive metal material layer in the region corresponding to the channel

region remains thereby forming a gate electrode.
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[0005] Optionally, the active layer, the first gate insulating layer, and the gate electrode are
formed so that boundaries between the source electrode contact region and the channel region
and between the drain electrode contact region and the channel region substantially align with

edges of the first gate insulating layer and the gate electrode.

[0006] Optionally, the active layer, the first gate insulating layer, and the gate electrode are
formed so that a projection of the gate electrode on the base substrate substantially overlaps
with that of the channel region, the projection of the gate electrode on the base substrate and

that of the channel region are substantially coextensive with each other.

[0007] Optionally, the method further comprises forming a second gate insulating layer
between the channel region of the active layer and the first gate insulating layer, the second
gate insulating layer is formed to be in contact with the channel region of the active layer;
wherein the second gate insulating layer is formed to have a resistivity higher than that of the
first gate insulating layer; a projection of the second gate insulating layer on the base
substrate substantially overlaps with that of the channel region, the projection of the second
gate insulating layer on the base substrate and that of the channel region are substantially

coextensive with each other.

[0008] Optionally, the method further comprises forming a source electrode, a drain
electrode, and the second gate insulating layer in a single process, the source electrode and
the drain electrode are formed on a side of the active layer distal to the base substrate;
wherein forming the source electrode, the drain electrode, and the second gate insulating
layer comprises forming a second conductive metal material layer on a side of the active
layer distal to the base substrate, the second conductive metal material layer is formed to
comprises a first portion in a region corresponding to the source electrode contact region of
the active layer, a second portion in a region corresponding to the drain electrode contact
region of the active layer, and a third portion in a region corresponding to the channel region
of the active layer; forming the first photoresist layer on a side of the second conductive
metal material layer distal to the active layer, the first photoresist layer is formed in the
region outside that corresponding to the channel region; and oxidizing the third portion of the
second conductive metal material layer thereby forming the second gate insulating layer, the
first portion remains substantially unoxidized thereby forming the source electrode, the

second portion remains substantially unoxidized thereby forming the drain electrode.
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[0009] Optionally, the active layer and the second conductive metal material layer are
formed in a single patterning process; forming the active layer and the second conductive
metal material layer comprises forming a semiconductor material layer on the base substrate;
forming a third conductive metal material layer on a side of the semiconductor material layer
distal to the base substrate; forming a second photoresist layer on a side of the third
conductive metal material layer distal to the semiconductor material layer, the second
photoresist layer is formed in a region corresponding to the active layer; removing a portion
of the third conductive metal material layer outside a region corresponding to the second
photoresist layer thereby forming the second conductive metal material layer; and removing a
portion of the semiconductor material layer outside the region corresponding to the second

photoresist layer thereby forming the active layer.

[0010] Optionally, oxidizing the third portion of the second conductive metal material layer
is performed by anodic oxidization, annealing in an oxygen atmosphere, oxygen plasma

treatment, or a combination thereof.

[0011] Optionally, the second conductive metal material layer is formed using hatnium, or

tantalum, or a combination thereof.

[0012] Optionally, the second gate insulating layer is formed using Hf,Oy, or Ta,Oy,

Hf,OyN,, or Ta,OyN,, or a combination thereof, x>0,y >0, z> 0.

[0013] Optionally, the method further comprises etching the second gate insulating layer to

reduce a thickness of the second gate insulating layer.

[0014] Optionally, the first gate insulating layer is formed using SiyOy, SixNy, SixOyN,, or a

combination thereof, x > 0,y >0, z> 0.

[0015] In another aspect, the present invention provides a thin film transistor comprising an
active layer having a channel region, a source electrode contact region, and a drain electrode
contact region on a base substrate; a first gate insulating layer on a side of the active layer
distal to the base substrate; and a gate electrode on a side of the first gate insulating layer
distal to the active layer; wherein boundaries between the source electrode contact region and
the channel region and between the drain electrode contact region and the channel region

substantially align with edges of the first gate insulating layer and the gate electrode.
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[0016] Optionally, a projection of the gate electrode on the base substrate substantially
overlaps with that of the channel region, the projection of the gate electrode on the base

substrate and that of the channel region are substantially coextensive with each other.

[0017] Optionally, the thin film transistor further comprises a second gate insulating layer
between the channel region of the active layer and the first gate insulating layer, the second
gate insulating layer is in contact with the channel region of the active layer; wherein the
second gate insulating layer has a resistivity higher than that of the first gate insulating layer;
and a projection of the second gate insulating layer on the base substrate substantially
overlaps with that of the channel region, the projection of the second gate insulating layer on

the base substrate and that of the channel region are substantially coextensive with each other.

[0018] Optionally, the thin film transistor further comprises a source electrode and a drain
electrode made of a metal material comprising M1, M1 is a single metal or a combination of
metals; wherein the second gate insulating layer is made of a material comprising M10Oy,N,,

m > 0, n > 0; the source electrode, the drain electrode, and the second gate insulating layer

are in a same layer.

[0019] Optionally, M1 comprises hafnium, or tantalum, or a combination thereof; and

M10nN, comprises Hf,Oy, or Ta, Oy, HfOyN,, or Ta,O,N,, or a combination thereof.

[0020] Optionally, the source electrode and the drain electrode are on a side of the active

layer distal to the base substrate.

[0021] Optionally, a projection of the gate electrode on the base substrate substantially
overlaps with that of the channel region, the first gate insulating layer, and the second gate
insulating layer; and the projection of the gate electrode on the base substrate and those of the
channel region, the first gate insulating layer, and the second gate insulating layer are

substantially coextensive with each other.

[0022] Optionally, a height of a surface of the second gate insulating layer distal to the base
substrate relative to a surface of the base substrate is less than a height of a surface of the
source electrode and the drain electrode distal to the base substrate relative to the surface of

the base substrate.

[0023] In another aspect, the present invention provides a display apparatus comprising the

thin film transistor described herein or fabricated by a method described herein.
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BRIEF DESCRIPTION OF THE FIGURES

[0024] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0025] FIG. 1 is a flow chart illustrating a method of fabricating a thin film transistor in

some embodiments according to the present disclosure.

[0026] FIG. 2 is a schematic diagram illustrating the structure of a thin film transistor in

some embodiments according to the present disclosure.

[0027] FIGs. 3 to 7 illustrates a process of fabricating a thin film transistor in some

embodiments according to the present disclosure.
DETAILED DESCRIPTION

[0028] The disclosure will now be described more specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some
embodiments are presented herein for purpose of illustration and description only. It is not

intended to be exhaustive or to be limited to the precise form disclosed.

[0029] The conventional top-gate type thin film transistors have relatively small parasitic
capacitance, thus a pixel circuit having a top-gate type thin film transistor has a higher on/off
speed. However, there are several problems associated with the conventional top-gate type
thin film transistors. In conventional top-gate type thin film transistors, the gate electrode is
formed by a wet etching process. Due to the critical dimension bias during the wet etching
process, the gate electrode is typically formed to be smaller than the channel region of the
thin film transistor, resulting in offset regions on two sides of the channel region of the active
layer. The existence of offset regions in the conventional top-gate type thin film transistor
results in a higher on/off current ratio and a decreased current during the “on” period of the
thin film transistor because the offset regions is in direct contact with and adjacent to the
source electrode contact region. Moreover, the existence of offset regions in the conventional
top-gate type thin film transistor leads to an increased parasitic resistance in the source
terminal and the drain terminal. Further, the existence of offset regions in the conventional
top-gate type thin film transistor leads to an increased ohmic contact resistance between the
source electrode and the active layer and between the drain electrode and the active layer. To

decrease the ohmic contact resistance, the active layer is typically conductorized using high-
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power helium or hydrogen plasma. However, the active layer conductorization often is not

effective in decreasing the ohmic contact resistance.

[0030] Accordingly, the present disclosure provides, infer alia, a method of fabricating a
thin film transistor, a thin film transistor, and a display apparatus that substantially obviate
one or more of the problems due to limitations and disadvantages of the related art. In one
aspect, the present disclosure provides a method of fabricating a thin film transistor. FIG. 1
is a flow chart illustrating a method of fabricating a thin film transistor in some embodiments
according to the present disclosure. Referring to FIG. 1, the method in some embodiments
includes forming an active layer having a channel region, a source electrode contact region,
and a drain electrode contact region, on a base substrate; forming a first photoresist layer on a
side of the active layer distal to the base substrate, the first photoresist layer being in a region
outside that corresponding to the channel region; forming an insulating material layer on a
side of the first photoresist layer distal to the base substrate; forming a first conductive metal
material layer on a side of the insulating material layer distal to the first photoresist layer; and
removing the first photoresist layer, the insulating material layer, the first conductive metal
material layer, in the region outside that corresponding to the channel region by a lift-off
method, a portion of the insulating material layer in a region corresponding to the channel
region remains thereby forming a first gate insulating layer, a portion of the first conductive
metal material layer in the region corresponding to the channel region remains thereby
forming a gate electrode. Optionally, the method further includes forming a source electrode
and a drain electrode. Optionally, the source electrode and the drain electrode are formed on
a side of the active layer distal to the base substrate. Optionally, the source electrode and the
drain electrode are formed on a side of the active layer proximal to the base substrate.
Optionally, the first photoresist layer is formed on a side of the active layer, the source

clectrode, and the drain clectrode distal to the base substrate.

[0031] In the present method, the first photoresist layer is formed in the region outside that
corresponding to the channel region, ¢.g., exposing a region corresponding to the channel
region of the active layer. The first photoresist layer is formed in a region corresponding to
the source electrode contact region and the drain electrode contact region. Boundaries
between the source electrode contact region and the channel region and between the drain
electrode contact region and the channel region substantially align with edges of the first
photoresist layer. Subsequently, the insulating material layer and the first conductive metal

material layer are sequentially formed on a side of the active layer and the first photoresist
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layer distal to the base substrate. By lifting off the first photoresist layer, the insulating
material layer, the first conductive metal material layer, in the region outside that
corresponding to the channel region, the portion of the insulating material layer and the
portion of the first conductive metal material layer in the region corresponding to the channel
region remain. The remaining portion of the insulating material layer in the region
corresponding to the channel region forms the first gate insulating layer. The remaining
portion of the first conductive metal material layer in the region corresponding to the channel
region forms the gate electrode. The gate electrode formed according to the present method
self-aligns with the boundaries between the source electrode contact region and the channel
region and between the drain electrode contact region and the channel region substantially,
e.g., the gate electrode self-aligns with the source electrode and the drain electrode, achieving
high placement accuracy. Accordingly, the present thin film transistor is substantially free of
any offset regions in the active layer, which is observed in the conventional thin film
transistor having a gate electrode formed by wet-etching. Thus, the present thin film
transistor substantially obviates the parasitic resistance introduced by the offset regions.
Moreover, the gate electrode and the first gate insulating layer are formed in a single
patterning process, greatly simplifying the fabrication process. Moreover, in the present thin
film transistor, the source electrode and the drain electrode abut the channel region, achieving
greatly improved electrical characteristics of the thin film transistor. For example, the total
resistance between the source electrode and the drain electrode can be minimized as
compared to that in the conventional thin film transistors (e.g., by conductorizing the active
layer), thus obviating additional fabrication step such as the active layer conductorization step.
The selection of the source electrode material and the drain electrode material is not strictly
limited by the ohmic contact resistance between the electrode and the active layer, further

lowering the fabrication costs.

[0032] Optionally, the active layer, the first gate insulating layer, and the gate electrode are
formed so that boundaries between the source electrode contact region and the channel region
and between the drain electrode contact region and the channel region substantially align with
edges of the first gate insulating layer and the gate electrode. Optionally, the active layer, the
first gate insulating layer, and the gate electrode are formed so that a projection of the gate
electrode on the base substrate substantially overlaps with that of the channel region, the
projection of the gate electrode on the base substrate and that of the channel region are

substantially coextensive with each other.
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[0033] Various appropriate semiconductor materials and various appropriate fabricating
methods may be used to make the active layer. For example, a semiconductor material may
be deposited on the substrate by a plasma-enhanced chemical vapor deposition (PECVD)
process. Examples of appropriate semiconductor materials for making the active layer
includes, but are not limited to, metal oxides (e.g., IGZO, ITO, 1ZTO, IGTO, AZO),

amorphous silicon, polycrystalline silicon, etc.

[0034] In some embodiments, the method further includes forming a second gate insulating
layer between the channel region of the active layer and the first gate insulating layer. The
second gate insulating layer is formed to be in contact with the channel region of the active
layer. Optionally, the second gate insulating layer is formed to have a resistivity higher than
that of the first gate insulating layer. Optionally, a projection of the second gate insulating
layer on the base substrate substantially overlaps with that of the channel region, the
projection of the second gate insulating layer on the base substrate and that of the channel

region are substantially coextensive with each other.

[0035] By having a first gate insulating layer and a second insulating layer having different
resistivities in the thin film transistor, and having the second gate insulating layer in contact
with the channel region of the active layer, the electrical characteristics of the thin film

transistor are significantly enhanced.

[0036] Various appropriate insulating materials and various appropriate fabricating
methods may be used to make the first gate insulating layer. For example, an insulating
material may be deposited on the substrate by a plasma-enhanced chemical vapor deposition
(PECVD) process. The first gate insulating layer may be made using a material that is highly
oxygen-resistant and moist-resistant. Examples of appropriate insulating materials for
making the first gate insulating layer include, but are not limited to, SixOy, SixNy, SixOyN,, or

a combination thereof.

[0037] Various appropriate insulating materials and various appropriate fabricating
methods may be used to make the second gate insulating layer. For example, the second gate
insulating layer may be formed by oxidizing a metal material thereby forming a metal oxide
insulating layer. Optionally, the oxidation of the metal material may be performed by anodic
oxidization, annealing in an oxygen atmosphere, oxygen plasma treatment, or a combination
thereof. Examples of appropriate insulating materials for making the second gate insulating

layer include, but are not limited to, a metal oxide having a high dielectric constant. For
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example, the second gate insulating layer may be formed using Hf,Oy, TaxOy, or a
combination thereof, x > 0, y > 0. These metal oxides have a dielectric constant higher than
3.9. The second gate insulating layer made using these metal oxides has a high resistivity.
Other metal oxides with high dielectric constant include Zr,Oy, AL Oy, LayOy, YOy, CexOy,
and TiyOy. Optionally, the second gate insulating layer may be formed by oxynitriding a
metal material thereby forming a metal oxynitride insulating layer. Optionally, the
oxynitridation of the metal material may be performed by, ¢.g., annealing in an oxygen-
nitrogen mixed atmosphere, plasma treatment in an oxygen-nitrogen mixed atmosphere, or a
combination thereof. Examples of appropriate insulating materials for making the second
gate insulating layer include, but are not limited to, a metal oxynitride having a high
dielectric constant. For example, the second gate insulating layer may be formed using
Hf,OyN,, Ta,OyN,, or a combination thereof, x > 0, y > 0, z> 0. Other metal oxynitrides
with high dielectric constant include Zr,OyN,, AILOyN,, La,OyN,, Y OyN,, CexOyN,, and
TixOyN,.

[0038] In some embodiments, the method further includes forming a source electrode and a
drain electrode. Optionally, the source electrode, the drain electrode, and the second gate
insulating layer are formed in a single process. Optionally, the source electrode and the drain
electrode are formed on a side of the active layer distal to the base substrate. Optionally, the
step of forming the source electrode, the drain electrode, and the second gate insulating layer
includes forming a second conductive metal material layer on a side of the active layer distal
to the base substrate, the second conductive metal material layer is formed to include a first
portion in a region corresponding to the source electrode contact region of the active layer, a
second portion in a region corresponding to the drain electrode contact region of the active
layer, and a third portion in a region corresponding to the channel region of the active layer;
forming the first photoresist layer on a side of the second conductive metal material layer
distal to the active layer, the first photoresist layer is formed in the region outside that
corresponding to the channel region; and oxidizing the third portion of the second conductive
metal material layer thereby forming the second gate insulating layer, the first portion
remains substantially unoxidized thereby forming the source electrode, the second portion

remains substantially unoxidized thereby forming the drain electrode.

[0039] Optionally, the second conductive metal material layer includes a metal material.
Examples of appropriate metal materials for making the second conductive metal material

layer include a metal or an alloy, when oxidized or oxynitridized, whose oxides or
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oxynitrides have a high dielectric constant, e.g., greater than 3.9. Optionally, the second

conductive metal material layer includes hafnium, tantalum, or a combination thereof.

[0040] Optionally, the step of oxidizing the third portion of the second conductive metal
material layer is performed by anodic oxidization, annealing in an oxygen atmosphere,
oxygen plasma treatment, or a combination thereof. Optionally, the second gate insulating

layer has a thickness in a range of approximately 30 nm to approximately 40 nm.

[0041] In some embodiments, the active layer and the second conductive metal material
layer are formed in a single patterning process. As used herein, the term “patterning”
generally refers to processes of making a pattern. Optionally, a patterning process typically
includes photoresist coating, exposing, developing, etching and photoresist peeling.
Optionally, the step of forming the active layer and the second conductive metal material
layer includes forming a semiconductor material layer on the base substrate; forming a third
conductive metal material layer on a side of the semiconductor material layer distal to the
base substrate; forming a second photoresist layer on a side of the third conductive metal
material layer distal to the semiconductor material layer, the second photoresist layer being in
a region corresponding to the active layer; removing a portion of the third conductive metal
material layer outside a region corresponding to the second photoresist layer thereby forming
the second conductive metal material layer; and removing a portion of the semiconductor
material layer outside the region corresponding to the second photoresist layer thereby

forming the active layer.

[0042] By forming the active layer and the second conductive metal material layer in a
single patterning process, the active layer and the second conductive metal material layer
have a same pattern, e.g., a projection of the second conductive metal material layer on the
base substrate substantially overlaps with that of the active layer, the projection of the second
conductive metal material layer on the base substrate and that of the active layer are
substantially coextensive with each other. Subsequently, the third portion of the second
conductive metal material layer is oxidized to form the second gate insulating layer, as

discussed above.

[0043] In some embodiments, the second gate insulating layer is formed in a process
separate from that for the source electrode and the drain electrode. Optionally, the step of
forming the second gate insulating layer includes providing a metal oxide material or a metal

oxynitride material, and forming the second gate insulating layer using the metal oxide

10
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material or a metal oxynitride material by, e.g., vapor deposition. Optionally, the second gate
insulating layer is formed to be in contact with the channel region of the active layer.
Optionally, the second gate insulating layer is formed using a metal oxide or a metal
oxynitride material having a high dielectric constant, e.g., greater than 3.9. For example, the
second gate insulating layer may be formed using Hf,Oy, Ta,Oy, HfOyN,, Ta,OyN,, or a

combination thereof, x > 0,y >0, z> 0.

[0044] In some embodiments, the method further includes adjusting a thickness of the
second gate insulating layer. Optionally, the step of adjusting the thickness of the second
gate insulating layer includes etching the second gate insulating layer to reduce a thickness of
the second gate insulating layer. By reducing the thickness of the second gate insulating
layer, the threshold voltage V1 of the thin film transistor can be controlled to be substantially

equal to zero, further enhancing electrical characteristics of the thin film transistor.

[0045] FIG. 2 is a schematic diagram illustrating the structure of a thin film transistor in
some embodiments according to the present disclosure. FIGs. 3 to 7 illustrates a process of
fabricating a thin film transistor in some embodiments according to the present disclosure.
Referring to FIG. 3, the fabrication process in some embodiments includes forming a
semiconductor material layer 200 on the base substrate 10, forming a third conductive metal
material layer 201 on a side of the semiconductor material layer 200 distal to the base
substrate 10, and forming a second photoresist layer 30 on a side of the third conductive
metal material layer 201 distal to the semiconductor material layer 200. The second
photoresist layer 30 is formed in a region corresponding to the active layer. In one example,
the step of forming the second photoresist layer 30 includes forming a photoresist material
layer on a side of the third conductive metal material layer 201 distal to the semiconductor
material layer 200, exposing the photoresist material layer using a mask plate having a
pattern corresponding to the active layer, and developing the exposed photoresist material
layer. The exposed portion of the photoresist material layer (which is outside the region
corresponding to the active layer) is removed, the unexposed portion of the photoresist

material layer remains, thereby forming the second photoresist layer 30.

[0046] Referring to FIG. 3 and FIG. 4, a portion of the third conductive metal material
layer 201 outside a region corresponding to the second photoresist layer 30 is removed

thereby forming a second conductive metal material layer 5, and a portion of the

11
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semiconductor material layer 200 outside the region corresponding to the second photoresist

layer 30 is removed thereby forming the active layer 1.

[0047] Optionally, the second conductive metal material layer 5 is made of a first metal
such as hafnium, tantalum, or a combination thereof. An oxidized first metal, e.g., Hf,Oy,
Ta,Oy, or a combination thereof, has a relatively high dielectric constant and a relatively high

resistivity.

[0048] Referring to FIG. 5, the process in some embodiments further includes forming a
first photoresist layer 20 on a side of the second conductive metal material layer 5 and the
active layer 1 distal to the base substrate 10. The first photoresist layer 20 is formed in a
region outside that corresponding to the channel region R3, e.g., in a region corresponding to
at least the source electrode contact region R1 and the drain electrode contact region R2. In
one example, the step of forming the first photoresist layer 20 includes forming a photoresist
material layer on a side of the second conductive metal material layer 5 and the active layer 1
distal to the base substrate 10, exposing the photoresist material layer using a mask plate
having a pattern corresponding to the channel region R3 of the active layer 1, and developing
the exposed photoresist material layer. The exposed portion of the photoresist material layer
(which corresponding to the channel region R3 of the active layer 1) is removed, the
unexposed portion of the photoresist material layer remains, thereby forming the first

photoresist layer 20.

[0049] As shown in FIG. 5, the second conductive metal material layer 5 includes a first
portion in a region corresponding to the source electrode contact region R1 of the active layer
1, a second portion in a region corresponding to the drain electrode contact region R2 of the
active layer 1, and a third portion in a region corresponding to the channel region R3 of the
active layer 1. The first portion and the second portion of the second conductive metal
material layer 5 are covered by the first photoresist layer 20, and the third portion of the
second conductive metal material layer 5 is exposed. The third portion of the second
conductive metal material layer 5 is then oxidized thereby forming the second gate insulating
layer 101, as shown in FIG. 6. The first portion of the second conductive metal material layer
5 remains substantially unoxidized thereby forming the source electrode 2, the second portion
of the second conductive metal material layer 5 remains substantially unoxidized thereby
forming the drain electrode 3, as shown in FIG. 6. The source electrode 2, the drain electrode

3, and the second gate insulating layer 101 constitute an integral structure.
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[0050] Referring to FIG. 7, the process in some embodiments further includes forming an
insulating material layer 102 on a side of the first photoresist layer 20 distal to the base
substrate 10; and forming a first conductive metal material layer 202 on a side of the
insulating material layer 102 distal to the first photoresist layer 20. Subsequently, the first
photoresist layer 20, the insulating material layer 102, the first conductive metal material
layer 202, in the region outside that corresponding to the channel region R3 are removed by a
lift-off method. After the lift-off, a portion of the insulating material layer 102 in a region
corresponding to the channel region R3 remains thereby forming a first gate insulating layer
102, a portion of the first conductive metal material layer 202 in the region corresponding to

the channel region R3 remains thereby forming a gate electrode 4, as shown in FIG. 2.

[0051] Various alternative implementations may be practiced according to the present
disclosure. For example, the active layer 1 and the second conductive metal material layer 5
in FIG. 4 may be formed by a different patterning process, ¢.g., the active layer 1 and the
second conductive metal material layer 5 may be formed in two separate patterning processes.
In another example, the second gate insulating layer 101 in FIG. 6 may be formed by directly
depositing a metal oxide material or a metal oxynitride material on the substrate, instead of

oxidizing or oxynitridizing the third portion of the second conductive metal material layer 5.

[0052] In another example, the active layer is formed on a side of the source electrode and
the drain electrode distal to the base substrate. Subsequently, a second gate insulating layer is
formed in a region corresponding to the channel region of the active layer, the second gate
insulating layer is formed to be in contact with the channel region of the active layer. A first
gate insulating layer is then formed on a side of the second gate insulating layer distal to the
active layer. The second gate insulating layer has a resistivity higher than that of the first
gate insulating layer. Optionally, the second gate insulating layer is made of a material
having a relatively high dielectric constant, e.g., greater than 3.9. Optionally, the second gate
insulating layer includes Hf,Oy, TasOy, or a combination thereof. Optionally, the first gate

insulating layer includes SixOy, SixNy, SiyOyN,, or a combination thereof.

[0053] In some embodiments, the method includes forming a source electrode and a drain
electrode on a base substrate; forming an active layer having a channel region, a source
electrode contact region, and a drain electrode contact region on a side of the source electrode
and the drain electrode distal to the base substrate; forming a first photoresist layer on a side

of the active layer distal to the base substrate, the first photoresist layer is formed in a region
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outside that corresponding to the channel region; sequentially forming a second insulating
material layer, a first insulating material layer, and a first conductive metal material layer on
a side of the first photoresist layer and the active layer distal to the base substrate; and
removing the first photoresist layer, the second insulating material layer, the first insulating
material layer, and the first conductive metal material layer in the region outside that
corresponding to the channel region by a lift-off method. A portion of the second insulating
material layer in a region corresponding to the channel region remains thereby forming a
second gate insulating layer. A portion of the first insulating material layer in a region
corresponding to the channel region remains thereby forming a first gate insulating layer. A
portion of the first conductive metal material layer in the region corresponding to the channel

region remains thereby forming a gate electrode.

[0054] In another aspect, the present disclosure provides a thin film transistor fabricated by

the method described herein.

[0055] In another aspect, the present disclosure provides a thin film transistor. Referring to
FIG. 2, the thin film transistor in some embodiments includes a base substrate 10; an active
layer 1 having a channel region R3, a source electrode contact region R1, and a drain
electrode contact region R2 on the base substrate 10; a first gate insulating layer 102 on a side
of the active layer 1 distal to the base substrate 10; and a gate electrode 4 on a side of the first
gate insulating layer 102 distal to the active layer 1. Optionally, the boundary B1 between
the source electrode contact region R1 and the channel region R3 and the boundary B2
between the drain electrode contact region R2 and the channel region R3 substantially align
with edges of the first gate insulating layer 102 and the gate electrode 4. As shown in FIG. 2,
the first gate insulating layer 102 has a first edge €3 and a second edge ¢4, and the gate
electrode 4 has a first edge el and a second edge ¢2. As shown in FIG. 2, the first edge el of
the gate electrode 4 and the first edge e3 of the first gate insulating layer 102 align with the
boundary B1 between the source electrode contact region R1 and the channel region R3, the
second edge e2 of the gate electrode 4 and the second edge e4 of the first gate insulating layer
102 align with the boundary B2 between the drain electrode contact region R2 and the
channel region R3. Due to the use of the lift-off method, the gate electrode 4 and the first
gate insulating layer 102 have a substantially the same pattern, e.g., a same pattern as that of

the channel region R3 of the active layer 1.
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[0056] As shown in FIG. 2, a projection of the gate electrode 4 on the base substrate 10
substantially overlaps with that of the channel region R3, the projection of the gate electrode
4 on the base substrate 10 and that of the channel region R3 are substantially coextensive
with each other. Similarly, a projection of the first gate insulating layer 102 on the base
substrate 10 substantially overlaps with that of the channel region R3, the projection of the
first gate insulating layer 102 on the base substrate 10 and that of the channel region R3 are

substantially coextensive with each other.

[0057] In some embodiments, the thin film transistor further includes a second gate
insulating layer 101 between the channel region R3 of the active layer 1 and the first gate
insulating layer 102, the second gate insulating layer 101 is in contact with the channel region
R3 of the active layer 1. The second gate insulating layer 101 has a resistivity higher than
that of the first gate insulating layer 102. As shown in FIG. 2, boundaries between the source
electrode contact region R1 and the channel region R3 and between the drain electrode
contact region R2 and the channel region R3 substantially align with edges of the second gate
insulating layer 101. A projection of the second gate insulating layer 101 on the base
substrate 10 substantially overlaps with that of the channel region R3, and the projection of
the second gate insulating layer 101 on the base substrate 10 and that of the channel region

R3 are substantially coextensive with each other.

[0058] In the present thin film transistor, the gate electrode substantially aligns with the
boundaries between the source electrode contact region and the channel region and between
the drain electrode contact region and the channel region substantially, e.g., the gate electrode
self-aligns with the source electrode and the drain electrode, achieving high placement
accuracy. Accordingly, the present thin film transistor is substantially free of any offset
regions in the active layer, which is observed in the conventional thin film transistor having a
gate electrode formed by wet-etching. Thus, the present thin film transistor substantially
obviates the parasitic resistance introduced by the offset regions. Moreover, in the present
thin film transistor, the source electrode and the drain electrode abut the channel region,
achieving greatly improved electrical characteristics of the thin film transistor. For example,
the total resistance between the source electrode and the drain electrode can be minimized as
compared to that in the conventional thin film transistors (e.g., by conductorizing the active
layer), thus obviating additional fabrication step such as the active layer conductorization step.

The selection of the source electrode material and the drain electrode material is not strictly

15



WO 2018/099066 PCT/CN2017/091081

limited by the ohmic contact resistance between the electrode and the active layer, further

lowering the fabrication costs.

[0059] In some embodiments, the thin film transistor further includes a source clectrode 2
and a drain electrode 3. Optionally, the source electrode 2 and the drain electrode 3 are made
of a metal material comprising M1, M1 is a single metal or a combination of metals.
Optionally, the second gate insulating layer is made of a material comprising M10,N,, m > 0,
n > 0. In some embodiments, the source electrode 2, the drain electrode 3, and the second
gate insulating layer 101 are in a same layer. Optionally, the source electrode 2, the drain
electrode 3, and the second gate insulating layer 101 constitute an integral structure. As used
herein, the term “same layer” refers to the relationship between the layers simultaneously
formed in the same step. In one example, the source electrode 2, the drain electrode 3, and
the second gate insulating layer 101 are in a same layer when they are formed as a result of
one or more steps of a same patterning process performed in a same layer of material. In
another example, the source electrode 2, the drain electrode 3, and the second gate insulating
layer 101 can be formed in a same layer by simultaneously performing the step of forming
the second gate insulating layer 101 and the step of forming the source electrode 2 and the
drain electrode 3. The term “same layer” does not always mean that the thickness of the layer

or the height of the layer in a cross-sectional view is the same.

[0060] Optionally, the M10,N, includes a metal oxide or a metal oxynitride having a high
dielectric constant, e.g., greater than 3.9, and the M1 includes a metal or an alloy, oxide or
oxynitride of which has a high dielectric constant, e.g., greater than 3.9. Optionally, the M1
includes hafnium, tantalum, or a combination thereof; and M10yN;, includes Hf Oy, Ta,Oy,

Hf,OyN,, TayOyN,, or a combination thereof.

[0061] The first gate insulating layer 102 is not in direct contact with the active layer 1.
Thus, whether or not the insulating material for the first gate insulating layer 102 will
introduce hydrogen is not much of a concern, as the first gate insulating layer 102 is isolated
from the active layer 1 by the second gate insulating layer 101. Optionally, the first gate
insulating layer 102 includes a highly oxygen-resistant and moist-resistant insulating material.
Optionally, the first gate insulating layer includes Si Oy, or SixNy, or SiyOyN,, or a

combination thereof, x > 0, y > 0.

[0062] Referring to FIG. 2, the source electrode 2 and the drain electrode 3 in some

embodiments are on a side of the active layer 1 distal to the base substrate 10. Optionally, the
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active layer 1 is on a side of the source electrode 2 and the drain electrode 3 distal to the base

substrate 10.

[0063] Optionally, a projection of the gate electrode 4 on the base substrate 10 substantially
overlaps with that of the channel region R3, the first gate insulating layer 102, and the second
gate insulating layer 101. Optionally, the projection of the gate electrode 4 on the base
substrate 10 and those of the channel region R3, the first gate insulating layer 102, and the

second gate insulating layer 101 are substantially coextensive with each other.

[0064] In some embodiments, the second gate insulating layer 101 has a thickness
substantially the same as those of the source electrode 2 and the drain electrode 3. Optionally,
a height of a surface s2 of the second gate insulating layer 101 distal to the base substrate 10
relative to a surface s4 of the base substrate 10 is substantially the same as a height of a
surface sl of the source electrode and a surface s3 of the drain electrode distal to the base

substrate 10 relative to the surface s4 of the base substrate 10.

[0065] In some embodiments, the second gate insulating layer 101 has a thickness different
from (e.g., less than) those of the source electrode 2 and the drain electrode 3. Optionally, a
height of a surface s2 of the second gate insulating layer 101 distal to the base substrate 10
relative to a surface s4 of the base substrate 10 is less than a height of a surface s1 of the
source electrode 2 and the surface s3 of the drain electrode 3 distal to the base substrate 10
relative to the surface s4 of the base substrate 10. By reducing the thickness of the second
gate insulating layer 101, the threshold voltage Vr of the thin film transistor can be controlled
to be substantially equal to zero, further enhancing electrical characteristics of the thin film

transistor.

[0066] In another aspect, the present disclosure provides an array substrate having a thin

film transistor described herein or fabricated by a method described herein.

[0067] In another aspect, the present disclosure provides a display panel having a thin film

transistor described herein or fabricated by a method described herein.

[0068] In another aspect, the present disclosure provides a display apparatus having a thin
film transistor described herein or fabricated by a method described herein. Examples of
appropriate display apparatuses includes, but are not limited to, an electronic paper, a mobile
phone, a tablet computer, a television, a monitor, a notebook computer, a digital album, a

GPS, etc.
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[0069] The foregoing description of the embodiments of the invention has been presented
for purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form or to exemplary embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent to practitioners skilled in this art. The
embodiments are chosen and described in order to explain the principles of the invention and
its best mode practical application, thereby to enable persons skilled in the art to understand
the invention for various embodiments and with various modifications as are suited to the
particular use or implementation contemplated. It is intended that the scope of the invention
be defined by the claims appended hereto and their equivalents in which all terms are meant
in their broadest reasonable sense unless otherwise indicated. Therefore, the term “the
invention”, “the present invention” or the like does not necessarily limit the claim scope to a
specific embodiment, and the reference to exemplary embodiments of the invention does not
imply a limitation on the invention, and no such limitation is to be inferred. The invention is
limited only by the spirit and scope of the appended claims. Moreover, these claims may
refer to use “first”, “second”, etc. following with noun or element. Such terms should be
understood as a nomenclature and should not be construed as giving the limitation on the
number of the elements modified by such nomenclature unless specific number has been
given. Any advantages and benefits described may not apply to all embodiments of the
invention. It should be appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing from the scope of the present
invention as defined by the following claims. Moreover, no element and component in the

present disclosure is intended to be dedicated to the public regardless of whether the element

or component is explicitly recited in the following claims.
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WHAT IS CLAIMED I8S:

1. A method of fabricating a thin film transistor, comprising:

forming an active layer having a channel region, a source electrode contact
region, and a drain electrode contact region, on a base substrate;

forming a first photoresist layer on a side of the active layer distal to the base
substrate, the first photoresist layer is formed in a region outside that corresponding to the
channel region;

forming an insulating material layer on a side of the first photoresist layer
distal to the base substrate;

forming a first conductive metal material layer on a side of the insulating
material layer distal to the first photoresist layer; and

removing the first photoresist layer, the insulating material layer, the first
conductive metal material layer, in the region outside that corresponding to the channel
region by a lift-off method, a portion of the insulating material layer in a region
corresponding to the channel region remains thereby forming a first gate insulating layer, a
portion of the first conductive metal material layer in the region corresponding to the channel

region remains thereby forming a gate electrode.

2. The method of claim 1, wherein the active layer, the first gate
insulating layer, and the gate electrode are formed so that boundaries between the source
electrode contact region and the channel region and between the drain electrode contact
region and the channel region substantially align with edges of the first gate insulating layer

and the gate electrode.

3. The method of claim 1, wherein the active layer, the first gate
insulating layer, and the gate electrode are formed so that a projection of the gate electrode on
the base substrate substantially overlaps with that of the channel region, the projection of the
gate electrode on the base substrate and that of the channel region are substantially

coextensive with each other.

4. The method of claim 1, further comprising forming a second gate
insulating layer between the channel region of the active layer and the first gate insulating
layer, the second gate insulating layer is formed to be in contact with the channel region of

the active layer;
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wherein the second gate insulating layer is formed to have a resistivity higher
than that of the first gate insulating layer;

a projection of the second gate insulating layer on the base substrate
substantially overlaps with that of the channel region, the projection of the second gate
insulating layer on the base substrate and that of the channel region are substantially

coextensive with each other.

5. The method of claim 4, further comprising forming a source electrode,
a drain electrode, and the second gate insulating layer in a single process, the source electrode
and the drain electrode are formed on a side of the active layer distal to the base substrate;

wherein forming the source electrode, the drain electrode, and the second gate
insulating layer comprises:

forming a second conductive metal material layer on a side of the active layer
distal to the base substrate, the second conductive metal material layer is formed to comprises
a first portion in a region corresponding to the source electrode contact region of the active
layer, a second portion in a region corresponding to the drain electrode contact region of the
active layer, and a third portion in a region corresponding to the channel region of the active
layer;

forming the first photoresist layer on a side of the second conductive metal
material layer distal to the active layer, the first photoresist layer is formed in the region
outside that corresponding to the channel region; and

oxidizing the third portion of the second conductive metal material layer
thereby forming the second gate insulating layer, the first portion remains substantially
unoxidized thereby forming the source electrode, the second portion remains substantially

unoxidized thereby forming the drain electrode.

6. The method of claim 5, wherein the active layer and the second
conductive metal material layer are formed in a single patterning process;

forming the active layer and the second conductive metal material layer
comprises:

forming a semiconductor material layer on the base substrate;

forming a third conductive metal material layer on a side of the semiconductor

material layer distal to the base substrate;
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forming a second photoresist layer on a side of the third conductive metal
material layer distal to the semiconductor material layer, the second photoresist layer is
formed in a region corresponding to the active layer;

removing a portion of the third conductive metal material layer outside a
region corresponding to the second photoresist layer thereby forming the second conductive
metal material layer; and

removing a portion of the semiconductor material layer outside the region

corresponding to the second photoresist layer thereby forming the active layer.

7. The method of claim 5, wherein oxidizing the third portion of the
second conductive metal material layer is performed by anodic oxidization, annealing in an

oxygen atmosphere, oxygen plasma treatment, or a combination thereof.

8. The method of claim 5, wherein the second conductive metal material

layer is formed using hafnium, or tantalum, or a combination thereof.

9. The method of claim 4, wherein the second gate insulating layer is
formed using Hf,Oy, or Ta,Oy, H,OyN,, or Ta,OyN,, or a combination thereof, x > 0,y > 0,

z>0.

10. The method of claim 4, further comprising etching the second gate

insulating layer to reduce a thickness of the second gate insulating layer.

11.  The method of claim 1, wherein the first gate insulating layer is formed

using SiyOy, SixNy, SixOyN,, or a combination thereof, x>0,y >0,z > 0.

12. A thin film transistor, comprising:

an active layer having a channel region, a source electrode contact region, and
a drain electrode contact region on a base substrate;

a first gate insulating layer on a side of the active layer distal to the base
substrate; and

a gate electrode on a side of the first gate insulating layer distal to the active
layer;

wherein boundaries between the source electrode contact region and the
channel region and between the drain electrode contact region and the channel region

substantially align with edges of the first gate insulating layer and the gate electrode.
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13.  The thin film transistor of claim 12, wherein a projection of the gate
electrode on the base substrate substantially overlaps with that of the channel region, the
projection of the gate electrode on the base substrate and that of the channel region are

substantially coextensive with each other.

14. The thin film transistor of claim 12, further comprising a second gate
insulating layer between the channel region of the active layer and the first gate insulating
layer, the second gate insulating layer is in contact with the channel region of the active layer;

wherein the second gate insulating layer has a resistivity higher than that of
the first gate insulating layer; and

a projection of the second gate insulating layer on the base substrate
substantially overlaps with that of the channel region, the projection of the second gate
insulating layer on the base substrate and that of the channel region are substantially

coextensive with each other.

15. The thin film transistor of claim 14, further comprising a source
electrode and a drain electrode made of a metal material comprising M1, M1 is a single metal
or a combination of metals;

wherein the second gate insulating layer is made of a material comprising
MI1O N, m>0,n2>0;

the source electrode, the drain electrode, and the second gate insulating layer

are in a same layer.

16. The thin film transistor of claim 15, wherein M1 comprises hafnium,
or tantalum, or a combination thereof; and

M10xN, comprises Hf,Oy, or Ta, Oy, Hf,O,N,, or Ta,OyN,, or a combination
thereof.

17. The thin film transistor of claim 15, wherein the source electrode and

the drain electrode are on a side of the active layer distal to the base substrate.

18.  The thin film transistor of claim 14, wherein a projection of the gate
electrode on the base substrate substantially overlaps with that of the channel region, the first

gate insulating layer, and the second gate insulating layer; and
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the projection of the gate electrode on the base substrate and those of the
channel region, the first gate insulating layer, and the second gate insulating layer are

substantially coextensive with each other.

19.  The thin film transistor of claim 14, wherein a height of a surface of
the second gate insulating layer distal to the base substrate relative to a surface of the base
substrate is less than a height of a surface of the source electrode and the drain electrode

distal to the base substrate relative to the surface of the base substrate.

20. A display apparatus, comprising the thin film transistor of any one of

claims 12 to 19.
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FIG. 1

forming an active layer having a channel region, a
source electrode contact region, and a drain
electrode contact region, on a base substrate

l

forming a first photoresist layer on a side of the active layer distal to the base
substrate, the first photoresist layer being in a region outside that correspondin
to the channel region

forming an insulating material layer on a side of the first photoresist layer
distal to the base substrate

forming a first conductive metal material layer on a
side of the insulating material layer distal to the first
photoresist layer l

removing the first photoresist layer, the insulating material layer, the first
conductive metal material layer, in the region outside that corresponding to
the channel region by a lift-off method, a portion of the insulating material
layer in a region corresponding to the channel region remains thereby forming
a first gate insulating layer, a portion of the first conductive metal material
layer in the region corresponding to the channel region remains thereby
forming a gate electrode
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